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ABSTRACT. Non point-source (NPS) pollution is a major cause of surface water quality degradation due to the transport of 
chemicals, nutrients, and sediments into lakes and streams. Vegetative buffers comprise several effective landscape Best 
Management Practices (BMPs) that include Vegetative Filter Strip (VFS) buffers, grassed waterways, terraces, and 
wetlands. However, some BMPs are ineffective due to concentrated surface flow, improper cropland/contributing area to 
VFS buffer area ratios, and flowpaths that completely bypass vegetative buffers. The primary objective of this study was to 
assess the effectiveness of VFS buffers and other vegetative BMPs to intercept surface runoff by quantifying the accuracy of 
simulated surface flowpaths relative to ground-truthed flowpaths and VFS buffer placement. This study was conducted on 
selected field research sub-basin sites in Rock Creek watershed, central Iowa, USA. ArcGIS software was used for surface 
flowpath hydrologic modeling and map comparison/geospatial analysis. Digital elevation datasets used in this study 
included Internet-available USGS 30 x 30 m-grid (typically used to site VFS buffers) and Light Detection and Ranging 
(LiDAR) 5 x 5 m-grid Digital Elevation Models (DEMs). Findings from this study indicate that the LiDAR-DEM was 
significantly more accurate versus the USGS-DEM, and quantitatively demonstrated the efficacy of using high-resolution 
LiDAR DEM data in assessing vegetative buffer runoff interception performance. These results also provide a scientific 
basis for developing a cloud-based, user-interface, decision support (DS) tool to more accurately analyze and visualize 
hydrologic landscape conditions, prescribe improvements to existing BMPs, and determine new sites for enhanced BMP 
placement and functionality. 
Keywords. ArcGIS, Best Management Practices (BMPs), Digital Elevation Models (DEMs), Light Detection and Ranging 
(LiDAR), Non Point-Source (NPS) Pollution, Surface Runoff, Vegetative Filter Strip (VFS) Buffers, Watershed Hydrologic 
Modeling and Spatial Analysis. 
  
 
The authors are solely responsible for the content of this meeting presentation. The presentation does not necessarily reflect the official position of the 
American Society of Agricultural and Biological Engineers (ASABE), and its printing and distribution does not constitute an endorsement of views which 
may be expressed. Meeting presentations are not subject to the formal peer review process by ASABE editorial committees; therefore, they are not to be 
presented as refereed publications. Citation of this work should state that it is published by ASABE. EXAMPLE: Author’s Last Name, Initials. 2016. Title 
of presentation. 10th Int. Drainage Symp. St. Joseph, MI: ASABE. For information about securing permission to reprint or reproduce a meeting 
presentation, please contact ASABE at http://www.asabe.org/copyright (2950 Niles Road, St. Joseph, MI 49085-9659 USA).1 
10th International Drainage Symposium (2016) Page 3 
Introduction 
Non Point-Source (NPS) pollution is a major cause of surface water quality degradation due to water movement over and 
through the land surface (Subra and Waters 1996). A serious environmental threat from NPS pollution is the transport of 
chemicals, nutrients, and sediments into lakes, streams, and other water bodies. 
Vegetative buffers comprise various landscape Best Management Practices (BMPs) that include grassed waterways, 
upland and riparian Vegetative Filter Strip (VFS) buffers, grassed terraces, and wetlands. Although most of these BMPs 
have been effectively used for over 20 years to treat surface runoff from agricultural land, some VFS buffers have been 
found to be ineffective due to concentrated surface flow, improper cropland/contributing area to VFS buffer area ratios, and 
surface runoff that bypassed the VFS buffer area boundary (Bansal 2006). 
Research by Minnick (1964), Unwin (1981), Goodchild and Hunter (1997), Webber (2000), and Bansal (2006) 
contributed to the development and implementation of manual and automated GIS hydrologic modeling/geospatial analysis 
procedures for comparing observed and modeled surface and subsurface flowpaths and watershed boundaries derived from 
paper topographic and USGS 30 x 30-m Digital Elevation Model (DEM) map data. The USGS 30 x 30-m DEM data has 
been used for almost 20 years by USDA-NRCS personnel in the design and placement of VFS buffers and other BMPs. 
 
Research Objectives 
• Determine actual surface flowpath and vegetative buffer locations using on-site field observations and GPS-assisted 
ground-truthing procedures. 
• Generate simulated surface flowpaths using GIS hydrologic modeling and USGS 30 x 30-m and LiDAR 5 x 5-m 
DEM datasets (figures 3 and 4). 
• Compare simulated surface flowpaths to actual ground-truthed drainage features using GIS hydrologic modeling 
and geospatial/map comparison analysis techniques (equation 1, figure 2). 
Materials and Methods 
Study Sites 
This research was conducted during 2004-2006 (Bansal 2006) and 2013-2015 (Shrivastav 2015) using hydrologic, DEM, 
and landscape feature map data from three field research sub-basins (site 1) in the central stream reach area of Rock Creek 
watershed, northeastern Jasper and southeastern Marshall counties, Iowa, USA (41° 46.21’ N, 95° 50.33’ W) (figure 1). 
 
 
 
Figure 1. Rock Creek watershed location, boundary, stream network, and research site 1 (red area) that includes three field sub-basin areas. 
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Soil Types 
The dominant soil types, descriptive information, and physical properties are given in the following table 1 from Nestrud 
and Worster (1979). 
 
Table 1. Dominant soil type data, descriptive information, and physical properties at the Rock Creek Watershed research field sub-basin sites 
(Nestrud and Worster 1979). 
 
Research Site Dominant Soil Type Data and Descriptive Information 
Research Site Soil Series Soil Description Bulk Density Clay Permeability 
   g cm-3 % cm hr-1 
1 Tama Fine-silty, mixed, mesic Typic Argiudolls 1.40 18-26 1.5-5.1 
2 Ackmore Fine-silty, mixed, mesic Aeric Fluvaquents 1.35 28-32 1.5-5.1 
3 Ackmore-Colo Complex 
Fine-silty, mixed, mesic Aeric 
Fluvaquents; Fine-silty, mixed, mesic 
Cumulic Haplaquolls  
1.35 20-26 1.5-5.1 
 
Research Equipment and Spatial Analysis Procedure 
• ArcGIS version 10.3 hydrologic modeling and spatial analysis tools (ESRI 2014). 
• Magellan SportTrak Map and Explorist 200 handheld GPS units. 
• Coefficient of Linear Correspondence (CLC; originally Flowpath Coefficient [CF]) equation (1) quantifying 
modeled flowpath accuracy relative to observed surface flowpaths (unitless value range = 0.0-1.0) (Webber 2000): 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Site 1A field sub-basin research area (figure 4, NW) grassed waterway (green area) with LiDAR flowpath (red), observed 100-m 
flowpath segment (blue), and 5-m buffer area (black outline) for calculating unitless CLC decimal value (yellow oval highlights the 1A-1 
flowpath drainage feature and CLC geospatial/map comparison analysis results in figures 3 and 4). 
  
1A-1; CLC = 1.0 
1A 
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Results 
Table 2 includes the CLC map comparison analysis results (equation 1, figure 2) for four observed 100-m surface 
flowpath segments 1A-1, 1A-2, 1B-1, and 1C-1. Graphical map depictions of CLC results for USGS 30 x 30-m and LiDAR 
5 x 5-m DEM-generated flowpaths are in figures 3 and 4, respectively (unitless CLC decimal value fraction range = 0.0-
1.0). 
 
Table 2. Map comparison analysis results for site 1 observed 100-m flowpath segments (FlowSegID) include the following modeled flowpath 
lengths (m) occurring within 5-m buffer width (FlowL30 and FlowL05) and Coefficient of Linear Correspondence (CLC) values (nu = no units, 
CLC30 and CLC05) for 30 x 30-m USGS and 5 x 5-m LiDAR grid DEMs, respectively. 
 
FlowSegID FlowL30(m) FlowL05(m) CLC30(nu) CLC05(nu) 
1A-1 50 100 0.5 1.0 
1A-2 0.0 100 0.0 1.0 
1B-1 0.0 100 0.0 1.0 
1C-1 20 100 0.2 1.0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Research site 1A, 1B, and 1C areas with USGS 30 x 30-m flowpaths (red) and 100-m flowpath segment ovals and CLC results (yellow). 
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1B-1; CLC = 0.0 
1C-1; CLC = 0.2 
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Figure 4. Research site 1A, 1B, and 1C areas with LiDAR 5 x 5-m flowpaths (red) and 100-m flowpath segment ovals and CLC results (yellow). 
Conclusions 
This presentation provides surface flowpath hydrologic modeling and geospatial analysis findings for three field research 
sub-basins in the Rock Creek watershed site 1 area (figure 1). These site 1 CLC geospatial/map comparison analysis results 
indicate a high level of accuracy using the LiDAR 5 x 5-m DEM versus the USGS 30 x 30-m DEM grid datasets (figures 3 
and 4, respectively). Preliminary conclusions from applying the hydrologic modeling and CLC geospatial/map comparison 
analysis procedures to the remaining Rock Creek watershed research sites 2 and 3 (upper stream reach area) also are 
indicating a higher level of accuracy using the LiDAR 5 x 5-m DEM versus the USGS 30 x 30-m DEM grid datasets. 
Current research efforts include completing the geospatial and statistical analysis tasks on the remaining Rock Creek 
watershed sites 2 and 3, applying this research to additional watershed sub-basin projects, and incorporating this hydrologic 
modeling and geospatial analysis approach into a cloud-based, online, user-interactive decision support (DS) tool. 
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